Measurement of Microkelvin Temperature Differences in a Critical Point Thermostat
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The densit of apure fluid near its criticapoint is extremet sensitive to teperaturegradients. In the absence of
gravity, this effect limits the fluid's hongeneiy. For example, at 0.6 mK above theitical terrperature, the
micragravity experiment Critical Viscosit of Xenon (CVX) can allow teperature differences no more than Qi@
correponding to agradient of 1§ Km™.

The CVX thermostat, which consists of a thick-wallegpen cell contained within three concentric aluminum shells,
was degined to achieve such a small fmraturegradient. However, ggmmetries not included in the thermostat's
model could dgrade the thermostaperformance. Therefore we measured thepaturegradient directf with a
miniature commercial thermoelectric cooler consgth66 semiconductor thermoqaas. We checked the results
with a half bridye consistig of two matched thermistors. The measurement was madgaatbin-walled stainless
steel cell whose conductance was much lower than that of gpercecell, thus “arplifying” the tenperature
differences B a factor of 60.

When the thermostat was controlled at constargeeature, the steel cell's static fmrature difference was 5 K.
Ranping the thermostat's tguarature at the rate of 1 x 10 -9 increased the tegerature difference to 0.36 mK.
These results demonstrate the feasjbiftachievirg extremey low tenperaturegradients.



